Licorice is an important medicinal herb used in different forms in many industries including pharmacy and food and tobacco industries. With a sweetness degree of 30-50, and sometimes 100 times higher than that of glucose as a permitted low calorie sweetener and flavor intensifier. Today, new processes have been developed to extract natural sugars such as glycyrrhizin and Mono Glycyrrhizic Acid, MGA, from licorice roots. Hot water extraction is a beneficial technique for refining bioactive molecules at the temperature range of 50 oc to 100 oc . This study evaluated this method. The design of experiments and optimizations for achieving the ideal process parameters, aimed at maximizing MAG extraction, were performed using modern RSM. The results revealed that the best operational conditions are as follows: temperature=96 oc , time=6 hours, water to feed ratio=70 ml/g, pH=12 and purity and mean efficiency=70% and 8.37%, respectively. Hot water extraction can be used as an efficient and cost-effective technique.
Introduction
Licorice (Glycyrrhiza) root and its underground stems are widely used as medicinal herbs for their emollient, anti-decay, anti-viral, anti-allergic, anti-oxidant and gastro-colic-protective properties (Tianwei, Huo and Ling, 2002) . In addition, it is used across the world in confectionaries and medical products such as anti-cough syrups, herbal supplements, gum, beverages and candies (Kamali sarvestani, 1991) . Generally, licorice root is constituted by different sugars (up to 18%), flavonoids, strolls, amino acids, gum, starch, oil essences and saponin (Shen et al., 2007) . The main saponin component of it is glycyrrhizic acid with the chemical formulation of C42 H62 O16. Kitagawa (Kitagawa, 2002) reported the details of the structure of 33 compounds available in licorice root. Glycyrrhizin is a water soluble component, pentacyclic triterpenoid glycoside is a sweetener agent available in licorice root and aglycone is a substance for the diversification of medical properties and clinical applications of this herb in treating spleen disease, moodiness, anorexia, sore throat, bronchitis, liver diseases, kidney diseases and peptic ulcer diseases (Farahnak and Bakhshizade 2013). Mono Ammonium Glycyrrhizic aicd (MAG) is an ammonium salt of Glycyrrhizin and used as an anti-decay and anti-sensitivity substance to treat asthma, respiratory disorders, eczema and other diseases (Sabbioni et al., 2005) . GA content in licorice root varies from 5% to 20%, depending on climate and growth site. For example, the content of GA in Spanish and Russian licorice root is 6%-8% and 10%-14%, respectively. Some specialists believe that Iranian licorice roots have the highest GA content (Douglas et al., 2004; Rhizophoulou and Diamantoglon, 1991) . Producing the active ingredient of GA gives higher added values compared to producing the raw essence of licorice. This highlights the necessity of conducting research on producing GA from licorice. Many researchers have evaluated methods for producing GA from licorice root. The majority of approved methods for extracting GA from licorice root, including hot water extraction and distillation, are conducted in limited pressures and in the presence of different additives including alkaline, mineral acids, ethyl alcohol, aqueous ammonium (Beasley et al., 1979; Tianwei, Huo, and Ling, 2002) methanol (Jiang, Liu and Jia, 2000; Zeng et al., 1991) and ethanol (Pan et al., 2000) . The aqueous essence extracted from licorice root contains GA and many other water soluble substances. Therefore, it undergoes additional processes required to purify GA from other products. Purified GA may be obtained from licorice root using alcohol, as the solvent (Tung-Hu and Chieh- Fu, 1991) , and an ultrasonic device for achieving high purification rates. Most conventional purification techniques include essence acidification by adding some acids such as H2SO4 or HCL (Tianwei, Huo, and Ling, 2002; Jiang, Liu and Jia, 2000) for the formation of the solid salt of GA (at PH 1-2). In addition, GA molecules can be extracted from organic phase, originated from the aqueous solution, by making reactions with the polar functional groups of organic essence through hydrogen bonds. Thus, organic extraction nature and PH level are very taught parameters in GA purification. Different techniques have been reported in publications which are based on solvent-assisted extraction using ionic exchange and polymeric resins, absorption, chromatographic separation, super-critical fluidassisted extraction, foam separation (Jiang, Liu and Jia, 2000, Boqiang et al., 2004), microwaveassisted extraction (MAE) and multi-stag-counter-current extraction (MCE) .The majority of current processes for extracting and purification the sweet component of licorice root include a series of stages and a large number of solvents and chemical substances. Today, new processes have been developed to remove such difficulties. This study uses root powder, hot water and ammonium to produce natural sugar with the formulation of Mono Ammonium Glycerin (MAG). The aim is to evaluate the efficiency of hot water extraction technique and to stabilize the parameters of optimal processes with the aim of maximizing MAGextraction efficiency through different parameters such as temperature, pressure, ammonium concentration, extraction duration, water to feed ratio, number of extraction stages and the role of mixer and grinder.
Experimental tests

Materials and methods
This study uses licorice root (the variety of glycyrrhiza glabra violacca) produced by Shiraz Shirin Daroo Company (humidity=6-5%) in the form of grinded powder which is packed in vacuumed packages and kept at room temperature. Another substance used in this study is mono-ammonium glycyrrhizic acid with the purity of 99.5% as standard HPLC produced by Sigma Company. All other chemical substance used in this study has laboratory level quality and purity produced by Merck Company, Germany. In our experiments, the concentration of H2SO4 and aqueous NH3 are 98% and 25%, respectively. In addition to typical laboratory devices and equipment, high efficient aqueous chromatography device (model K2500 of Knuaer, Germany), UV devices model CE74000 made by CECIL, vacuum evaporator (rotary) of Hildof Company and ultrasonic device model S60H of Elma Company are used in our experiments.
Hot-water extraction
This study is derived from the paper of pressurized hot water extraction 1 . It uses hot water pressurized by carbon-dioxide, and liquid ammonia to produce natural sugar with the formulation of MAG (Mukhopdhyay and Panja, 2008) . We made some changes including the elimination of carbon dioxide and executing processes in atmospheric condition in order to simplify the main process, considering available laboratory facilities, and to cut costs. All hot water extraction experiments were performed as non-continuous experiments. Fig. 1 shows a schematic view of the stages of this experiment. To form MAG from GA during the process, ammonia solution with a weight to volume ratio of 4%-0.01% is used. Fig. 2 . Solution PH is regularly checked in given intervals. This method is used to extract glycyrrhizic from licorice root powder. Experiments are conducted in the following conditions: -Powder to water ratios (gr/ml)= 1:40 and 1:85; PH=8-12 -Temperature=30 oc to 96 oc -Experiment duration= 1 to 8 hours Following extraction, the solution is purified using vacuum filtration and the residue of solution is used in similar way to extract the remainder of MAG. The solutions of two successive extractions are mixed with each other and are prepared for purification and processing.
Purification
To extract MAG, optimal concentration was considered to be based on 0.01% weight to volume ratio of NH3. The primary aqueous essence of licorice root needs more processes to be purified. This purification includes rising solution concentration on vacuum evaporator. Then, alcohol 70% is added to the solution and the chemical precipitate formed on the solution surface is removed and filtered. To remove ethanol, the clear solution is concentrated and H2SO4 is added to it drop by drop and solution pH is controlled. When pH reaches 1-2, white color MAG precipitate is formed. Higher NH3 concentrations lead to the formation of a dark precipitate of di to three ammonium glycyrrhizinate. The precipitate is washed by pure ethanol solution to remove sulfuric acid and non-wanted substances. Then, the white color MAG crystal is vacuum-dried. This is the considered natural sweetener.
Identification of the considered composition
Many methods have been suggested in literatures to determine glycyrrhizinate (Razani BrouJerdi, 1974; Sedaghat, 1990 ). This study uses spectrophotometry (UV) to identify and define MAG concentration. First, standard solutions with the concentrations of 100, 50, 25, 12.5 and 6.25 μg/ml of standard clycyrrhizic acid were prepared and their absorption at wavelength 256 nm (the maximum wavelength absorbable by GA) was measured. Then, the calibration curve ( Fig. 3) for the absorption of different concentrations of standard glycyrrhizic acid was sketched and the following equations were derived:
Y=0.0077x-0.0318 R 2 = 0.9942 Then, the absorption of each individual sample at wavelength 256 nm was measured. Next, the obtained absorption values were replaced in the equation derived from calibration curve and the samples concentration was obtained. The purity of sample can be determined using the above equation and the obtained concentration.
[Insert Fig. 1 & Fig. 2 & Fig. 3] 
Design of experiments
This study used Design Expert or RSM 2 to design experiment and to achieve ideal parameters. Design Expert defines ideal conditions for experiments and suggests ideal and optimal parameters. First, experiment parameters and the operational limit of each parameter are defined. The software, then, designs a series of experiments. The efficiency of each experiment is introduced to the software in order to analyze results and to suggest the best possible conditions for achieving the optimal process. Graph 3 shows the variations of efficiency versus parameter change. This is an innovative technique with high analysis accuracy and is a reliable technique throughout the world.
Results
Impact of grinding on extraction efficiency
This experiment is conducted by licorice root powder in the following conditions: water-feed ratio= 70ml/gr, NH3 w/v ratio= 0.01, temperature=82 oc and time=6 hours. At this condition, the efficiency of licorice powder is 8.78%. Since root sections have lower area compared to powdered root, a main part of roots are not used for extraction in practice while licorice powder provides higher mass transfer chance due to having higher area. Therefore, powdered roots are more appropriate for extraction purposes.
Impact of mixer on extraction efficiency
When temperature is below 60 oc , licorice powder tends to be stationary and accumulates at the bottom of extractor. This, in turn, raises solid-liquid ratio. When the mixer is off, particle flow occurs inside and outside the solution during heat transfer process at >90 oc . This means that it is not necessary to use mixer at temp>60 oc . This is why the impact of this parameter on extraction was considered to be constant. In other temperature conditions, mixer-less extraction will be ineffective because many particles in water are inaccessible. It can be generally argued that as mixer rpm increases, extraction efficiency increases where for the same efficiency, shorter extraction time will be required, if a mixer is used. Table 1 . Optimal parameters in hot-water MAG extraction According to table 1, the optimal condition for achieving the highest efficiency and purity of MAG extraction are as follows: temperature=82 oc , time=6 hours, pH≈11 and water-feed ratio=70ml/g Table 2 . A summary of important processes used to extract glycyrrhizinate acid (GA) and monoammonium glycyrrhizic acid (MAG) from licorice
Conclusion
